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abstract 

OBJserrrs 

To  determine  the  penetration  efciliti.es  of  two  designs  newly  submitted  as 
cohered  with  tbs  standard  design  9%ssp  A?,  7333?  snot. 

,L  St»*CAiT 

■f  - - - 

Plata  balUatlc  Halts  were  determined  on  3-lac-  bacogenecus  amor  plat* 
at  60°  ohl iqalty  for  tha  standard  suet  and  the  taro  alternate  designs*  The  PEL 
obtained  msre: 

e*  Standard  90m  A?  T3357  (wltn  windshield)  -  2813  fpe. 

b.  •Sleeww*  design  90m,  A?,  T33E7,  (without  windshield)  -  2785  fps. 

c.  •Two-piece*  design  90m,  A r,  7333?  (without  windshield)  no  coexists 
penetratlonc  were  obtained  within  tha  gun  rated  aarlmai  pressure  of  1*7,000  pel* 

coicusipy 

The  *tleewe*  design  spears  capable  of  penetrating  sore  armor  at  tha  seas 
striking  Telocity  than  either  the  standard  cr  "two-piece-  doeigs  shot. 

mmiTTWTpy 


Tha  90M  T33X7  *slaewe*  design  with  windshield  should  be  fired  and  tha 
results  c capered  with  the  standard  design  from  the  im  heat  of  steal  to 
deteralna  which  has  the  higher  penetrating  ability. 
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The  nethod  now  used  to  attach  windshields  tc  A P  shot  is  the  ^vcleweld 
C-lh .  Occasional  reports  bav:;  been  received  cf  windshield  separation  during 
flight  Many  of  these  failures  can  be  attributed  to  .nprcper  onturmtion 
and/or  improper  c j c.  veiling  techniques.  To  alleviate  the  prcble-  cf  ia- 
proper  cydeveldi ag,  an  iopact  fixture  vas  designed  and  incorporated  in  the 
shot  ■anufacture.  Even  though  the  izpa't  fixture  insures  a  gi r. ■:  bond 

strength,  gas  "blow -by"  can  cause  windshield  failure.  Therefore,  by  ellsl- 
natlng  the  Joint  between  windshield  and  shot  body  by  incorporating  _t  into 
a  sleeve  to  fit  around  the  shot  body,  both  problems  gats  "bl-w-by  and 
■  yrie weeding  )  are  eliminated 

II  -  DESCRIPTTOS  :?F  VATSPIZL 

A  TVerty  standard  90 sb  T3327  reference  rounds  (Drawing  So.  "T5-2-clt5l 
3  Two-piece  Body: 

This  design  incorporates  the  9®^5  hardened  triple  alley  steel,  cgive 
tip  screwed  _nto  a  1100  series  steel  body  (Drawing  5o.  FF^o 0,  revision  A  ^ . 

C •  Sleeve  Design: 

In  this  design  Drawing  3o.  FD1959c  Pe  vis  ion  A  )  the  iiajseter  cf  the 
=  tandard  9Qxk  73357  AP  ias  been  reduced  by  approximately  .  DoO.  A 

yiinder  or  sleeve  of  1100  series  steel  is  forced  over  the s  surface  and 
finish-  machined.  to  the  standard  shot  configuration. 

Rot^)  Paragraph  C  was  copied  free  TFR  frk-¥. 11-6-1.  Iter  6e .  .However 
this  does  not  coincide  with  drawing  crusher  FH959t  and  wniccc 

would  require  a  diasetric  decrease  of  3- >20  -  3-257  »  ,263  instead  cf  . OoC 

III.  DETAILS  OF  TEST 


A.  IffOCEDURE 


1.  The  essential  rusher  of  rounds  were  fired  at  3-iacb  hOBOgeneous 
amor  plate  at  60°  obl^quitr  (BH3-321;  Thai py-anhient  temperature 

51  foot-pounds,  -‘*0oy  42  foot-  pounds )  tc  determine  a  plate  ballistic 
limit  for  each  of  the  three  designs 

2.  Velocities  were  neasured  by  firing  through  tve  solenoid  coils 
placed  in  front  of  the  gun  and  recording  projectile  transit  time  by  counter - 
chronograph.  Frost  this  oeasured  .velocity  m:.7.i e  velocities  were  calculated. 
Knowledge  of  the  distance  free  the  second  coil  tc  the  plate  enabled  striking 
velocities  to  be  calculated. 
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'  ~  nar.be  r  pre=~aro'  ~ne**..rei  jc  a1  I  r 'T_r_  :t  pie  icg  *<  **;h 

•ediux.  caliber  M3  gsge  =  ic  Cat  base  of  brie  »»t 

4.  AL*  round -by -round  data  and  oth*r  pertinent  .L'crm *.i  oc.  . 
available  in  Appendix  Firing  Pec ord  ? -6200c  ‘ 


3.  REgTLTS 


I.  A  plate  ballistic  limit  >f  201 3  fps  va?  obta.r.*'*  vy  the  of 

the  standard  90aa,  AP.  shot.  'Test  round  crater*  V,  >  10,  and  1 

2  A  plate  ballistic  lisdt  of  2^05  fps  va«  obtained  by  the  firing  of 
the  modified  >0nt  AP  7,~2r’  reduced  diameter  bo* v  vi ♦  a  «le*v*  P-nr 

FL  1959->>  Revision  Ai.  (Test  round  nonber’  -  •'  ?  end  -C 

3-  No  plate  ballistic  liait  was  obtained  by  the  firing  of  the  aodif.e 
yOns,  AP,  T33E'7  shot  of  the  two-piece  body  de  icr.  lux  No.  JT  O. 
Revision  A).  No  complete  penetrations  vere  bta^ntd  -oer.  the  der ign  ai 
fired  at  charges  producing  a  striking  velocity  of  2Q01  fpa  jOl"’  bps 
nuzzle  velocity),  and  a  rhacber  pressure  of  -9>O0  p«  1  (A70X  psi  _s 
gun -rated  mximaa  pressure). 

u  All  striking  impressions  on  the  plate  vere  of  the  sane  essential 

snape  udi eating  that  the  break-up  and  rolling  of  the  shot  of  ail  designs 

was  essentially  the  sane. 


IV.  TCRCl’PITTS 


A.  The  penetration  capabilities  of  the  tvo-pie^e  design  for  Shot  AP, 
T33E7  does  not  favorahly  coespare  i-ith  the  standard  and  sleeve  designs  vben 
firing  against  3-iach  ho*ogeneoue  ’.rmo:  a-  60°  otu.iqui'Cy . 

E  The  penetration  capabilities  are  apparertiy  greater  for  the  sleeve 
design  than  for  the  standard  design  when  firing  agaircs*  amor  prate  at 
60°  obliquity. 


V.  RBCHteKiATrOKS 


It  is  recc— ended  that: 

A.  The  two-piece  design  be  considered  unsatisfa.tory  based  on  penetration 
limits  obtained  with  the  standard  and  sleeve  design  shots. 

B.  The  sleeve  design  and  the  standard  design  be  wspared  by  nean3  of  & 
plate  penetration  tes*#  3wth  desi+rns  snoulc  ot  saae  free  t  .e  a*  heat  of 
oteel  ana  the  test  condi  tions  include  hirb.  irrte mediate  a.  c  -*  MlcuJty 
targets. 
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FRANK FORD  ARSENAL 


rHILAOtL^HI*  37 
FCUMfri  va**ia 


tH  *trVT 
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Zo  ;-*r<*ln,^  '‘•■enersl 
Joerieer.  ?rorir~  C round 

’  JL.Tr’2jkSXJ 


-  - 


tp: 


I  DU  /XI 


1.  '’or-ar^ed  'or  our  f  orr-  -.1  or  an 

«rser.a I's  7ert  Pro-*r-~  I’erMesV  7 A-  II - 1 

deter— i re  the  capabilities  of  two  '  ^  r 

apsirst  plate. 


^  /'  ^  / 
r^ter '  ?  x,  i:  rt 
■.dor.  outlines  a 
r  of  the  Xrr.  13 


2.  Part  'vf  the  aterid  is  or  han-1  at  "our  Provir  -  courr 
the  s?:cep*ion  of  the  modified  ?Cfc»  ?'3XT  AT  shot.  It  5  -.  anticipated 
that  the  Tftei-irl  for  test  dll  arrive  - 1  ptxtr  Prortr  '‘round  a erinp 
the  last  "eek  of  February  195^. 


of 


3.  It  is  requested  that  this  .rscr.nl  be  notified  1c  s.drance 
he  firir.f  so  that  represent  stives  ~i,v  witness 


the  t 


-*~P  — -  'W'rnr"* 


4  Inc  la  (in  dup) 

1.  IP?.  jfrJW  10-6-1- 'V 

2.  Oifg  75-2-545  Ter  1 

3.  Drrs  IF  7760  lev  A 

4.  ]>T£  7D  19596  lev  A 


4*  ^ 


—  r  •  (T*— 

It  Id,  > 


vsaistart 


cc: 


OAC,  7HH1-ARAR,  : >.  L.  Trade  Vinci* 
Pic  Ars,  I.  Hark  Vincis 


A-l 


Test  *r:Ttr  >a«r*.  *?Jr-  1 

rrsrxfcrd  retne.,  t:l! i.  ?t. 


xttrlil 


t.  .jrunitioc: 


;:o 


%«it  (2C,  iU;  -*ri 

7^17  :r;  ^?Ln*c 

Trertr  '^3  attTM 


=^-r  ?*3r*  -  To  be 

'>*■  t-jt  - 

aQafc  n7^"  -  'Ledacei  d 


u  .t.'tr»T.f  -mini*. 

I  ai .-  . 

.£.  et*r  body  ri-.t  sleeve 


s-*'  « 


ceile  limrir-rs  for  _se  in  tertir.r: 


::;  “5-2-515  Eerisioc  1 

(2)  F?  ~*>:f  Eerisioc  1 
(:)  FD  :>5^,  derision  Jt 


*L. 


— Y*-  f  *  7~I 


s~  CJL:  'fcrl:  lirretiTe  ’5S?X232-lr-^*02  dated  U  ipril  1^55- 
'.  .-.rgerxl  Ixoendl  lure  2rder  T«. :  £*a.c,2?— Cl 


4.  Object  rf  tgrelotraeri  or  rsaericest ; 

7c  develop  5.  atciaciic.il  method  cf  cttacineet  tcrvtber  rttt  the  necesstiT' 
fixtures,  if  cry,  for  insorin£  wiodehieid  security  cf  the  °lsr  a?  shot. 


5.  "f  rtzrr  Sketch; 

The  present  r*tfaod  cf  siteehirr  winds  hieli*  tc  1?  shot  erpley*  the  sec  cf 
Cycleveld  C-1U  Entr  tixf  ly-lereld  tec  first  need,  occcsiancl  reports  free, 
the  field  have  beer  received  cf  windshield  separating  ccccrriny  iz  flight. 
Irrestipeiions  by  this  Areectl's  personnel  here  revealed  that  -nciy  cf  these 
fsiluree  can  be  sttriboted  to  rzs  leakage  into  the  rinds  idLald  because  cf 
improper  obturation  and  improper  cycle-vicing.  In  order  tc  rdrdjrist  the 
problem  cf  improper  cyrlereliing,  tc  impact  firtcre  bu  beer,  devised,  tad 
irccrpcrcted  into  shot  manufactore.  norertr,  even  tho ugh  the  ispcct  firtcre 
insures  a  nd r4, mn  *Mty>r!  strength,  propellant  rat  ’'blae  'byr  ccr  still  cease 
windshield  feiisra.  Is  order  to  rdrind.ee  or  elir±c*te  the  problem  cf  improper 
cbtcrrtica,  elimination  cf  the  'cirt  between  windshield  tad  adapt  body  rill  be 
tried.  TbvrrS ore,  to  provide  e  windshield  which  vrill  act  eqplcy  rydrrvid, 
hence,  ooe  on  ■»~hiet  improper  obturation  will  hrre  no  effect,  a  steel  drcrc 
windshield  be  investigated  as  s  possible  substitute  fer  the  present 
type,  la  eonjanetion  with  this  progra*,  4  second  phase  will  be  unc.aoeu, 
ceoeerelng  conservation  cf  triple  tile j  steels. 
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To  deter-aine  the  adrartare  of  isL:. ;  a  drm  steel  -dr.d*  hield  before  pace  ■ 
ar.d  dice  are  prepared  and  the  cons serration  portion,  tr©  (2)  designs  hrre  beer 
prepared.  Although  there  dealer a  -*tre  test  fired  under  Teat  Pro gran  Beqceet 
TA-TIWJ.9,  the  resulting  data,  although  erili-thbecin?,  -a*  laoenplcte  because 
of  sa-ple  size, 

a.  Sleeve  ^eaigr: 

In  t.i  ''e-.ign,  Drsnring  15596  BeTisicn  *,  tbe  'd.are'ter  of  tbe 
standard  ?T"r  T33E7  AP  shot  has  been  reduced  by  2.  depth  of  apcrojimabely  .01 
A  cylinder  or  sleere  of  1100  series  steel  is  forced  over  this  sscface  ant 
fir.isned  rachined  ta.  fchftand&rd  shot  configuration. 

b.  T’-o-PIece  Body: 

In  this  design,  Dracdng  7?  7?SC  “erision  A,  the  ozire  tip  it  rK.de 
of  triple  alloy  steel  -while  toe  body  utilizes  1100  series  steel. 

7.  Local  Tests: 

lore 


3.  Cfefect  of  Test: 

To  determine  the  penetration  abilities  of  the  two  (2)  designs  sein±h:a*c 
as  ccrpared  to  the  standard  design. 

5.  Precaution  in  Handling  and  Testing: 

Korual  safety  precautions  should  be  acercised  in  addling  A?  shot. 

10.  ?.eco~ ended  Test  Pro F7''£x 

a.  All  rounds  are  to  bs  fired  against  four  inches  of  hoaoreaeous 

arnor  plate  set  at  an  angle  of  65°  obliquity.  ^ 

b.  Bstafclish  a  FBI  for  the  reference  ard  test  rounds. 

c.  Becord  pressures,  velocities  {.liixie  and  striking'. 

d.  Take  photographs  at  the  plate  to  reveal  the  nature  of  the  shot  break-ep . 
a.  Becord  any  other  data  considered  pertinent  by  tn»  Prccf  ter. 
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SccriT'-iticr: 


arc*  vTnrr.ltl  re  Tccr.crri , 


J  — 4» 


DEJECT  or  7WBT  To  Determine  the  Ml*  OT  TEST  30  ^y  .95" 

PcaatratU^  Abilit.es  FUOVG  RVCCPC  FT  ?-^>Jc 

at  Two  DHlfM  Bevly  3ZXS7  1  CF  - 

Submitted  as  Ti.nparr  il.  ALfHLFXTT  QAC  *5rt  Directive 

with  the  3tiiiirfl  5330*231  -1 9 -OdSCC 

Design  9Gim,  T3317  A?  Dittd  11  April  IDf 

Shot  (0)  JCRK  0R»  VC.  231-719-01 

DFVELOFKETr :  mzca-mip 

PROJECT  VO.  :  FA-1 -21 

TEST  PKX3UM  RBQDBST  *0. :  FA-KIC-d-i  tar 


MATERIEL 


3U*  Til  92— ,  '»-•  6U?9  ■ 

HJ3E  TU9K.,  Vc.  5*95r- 

MGUVT  :  P.ock  Isiaiu.  Pro:?  Mount  !Ci  ; . 

RECOIL:  Mechanics,  !)$■,  X21,  he.  -2b. 

/Muimci 

PROJECTILE:  AP-T,  T33I7,  Lot  5c.  RT*  6-;. 

90M»,  AP-T,  T33T7,  Lot  Vo.  FA-S-33*X. 

9CV»,  AP-T,  733*7.  Lot  Vc.  FA-F-39L1. 
maPKLLAVT:  MP-*6,  Lot  Vo-  535-2-62627-53,  -^5  vet. 
RUHR  Percussion,  30)  gr. 

CASE  :  Cartridge,  ?-2eEl,  ?Oant. 

UBTBOMDmrrcM 

Velocity  Haasurc—nt- 

Velocltlea  vere  naasurad  by  firing  through  tec  solenoid  ceil*  & 
icocvn  distance  apart,  wired  tc  a  c  ouster -erronegraph.  Snowing  the  distance 
free  the  nuzzle  to  the  first  coil,  and  fren  the  second  coil  tc  the  plate, 
allows  the  nuzzle  sad  striking  velocities  tc  be  given  as  relatiTe 
velocities. 

Pressure  Measurement- 

Chanber  press  ores  were  n— mired  by  amni  at  nediun  caliber,  M-3 
pressure  gages,  (2  per  round).  Capper  Lot  7C-55- 
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